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(57) Provided are a method and apparatus for deter-
mining a representative wind generating set, and a con-
trol method and apparatus. The method for determining a
representative wind generating set comprises: determin-
ing an always-on representative set of each sector; ac-
cording to working condition parameters of each always-
on representative set, identifying wind conditions of the
sector where each always-on representative set is lo-
cated; on the basis of the wind conditions of each sector,
selecting, as virtual representative parts, set parts of a
predetermined part type; and on the basis of the virtual
representative parts of each sector under different wind
conditions, constructing virtual representative sets of
each sector in different operation modes.
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Description
FIELD

[0001] The present disclosure relates to the field of wind power generation, and in particular to a method and an
apparatus for determining a representative wind turbine and a method and an apparatus for controlling a wind farm.

BACKGROUND

[0002] Developing renewable energy has become a major action in energy development strategies of countries around
the world as the global energy crisis intensifies. Wind power generation is widely researched since wind energy has the
characteristics of abundant global reserves, being renewable, wide distribution, and pollution-free.

[0003] Itis necessary to select one or more representative wind turbines in a wind farm in many scenarios, such as
customized design of the wind farm, determining a representative wind turbine for a wind farm cluster controller, and
determining a representative wind turbine for comparing generated power. Therefore, it is crucial to determine an
appropriate representative wind turbine.

SUMMARY

[0004] The object of embodiments according to the present disclosure is to provide a method and an apparatus for
determining a representative wind turbine and a method and an apparatus for controlling a wind farm.

[0005] Inafirstaspect, amethod for determining a representative wind turbine in awind farmis provided according to the
embodiment of the present disclosure. The method includes: determining a sector representative turbine for each sector
based on wind resource information in the wind farm; based on an operating-condition parameter of the sector
representative turbine for each sector, identifying a wind condition in each sector; selecting turbine parts with respective
predetermined types from wind turbines in each sector as virtual representative parts based on the wind condition in each
sector; and constructing a virtual 1 representative turbine for each sector under each operation mode based on the virtual
representative parts for each sector under each wind condition.

[0006] Inasecond aspect, a method for controlling a wind farm is provided according to the embodiment of the present
disclosure. The method for controlling the wind farm includes: determining a sector representative turbine for each sector
based on wind resource information in the wind farm; identifying an operation mode for each sector where the sector
representative turbine locates, based on an operating-condition parameter of each sector representative turbine;
acquiring an operating parameter of a virtual representative turbine for each sector under an identified operation mode
for the sector, wherein the virtual representative turbine is determined based on the method for determining a repre-
sentative wind turbine in a wind farm described above; regulating control parameters for wind turbines in each sector
based on the operating parameter of the virtual representative turbine for the sector; and controlling the wind turbines in
each sector based on regulated control parameters.

[0007] In a third aspect, a system for controlling a wind farm is provided according to the embodiment of the present
disclosure, the system for controlling a wind farm includes: a farm-level controller, including the apparatus for controlling a
wind farm according to the embodiment of the present disclosure, and configured to send control instructions to each wind
turbine; and a stand-alone controller, arranged in each wind turbine, and configured to control an operation of the wind
turbine, based on control instructions received from the farm-level controller.

[0008] Inafourthaspect, acomputerreadable storage medium storing a computer program is provided according to the
embodiment of the present disclosure. The computer program, when executed by the processor, implements the method
for determining a representative wind turbine in a wind farm or the method for controlling a wind farm described above.
[0009] In a fifth aspect, a controller is provided according to the embodiment of the present disclosure. The controller
includes: a processor; and a memory storing a computer program, where the computer program, when executed by the
processor, implements the method for determining a representative wind turbine in a wind farm or the method for
controlling a wind farm described above.

[0010] At least one of the following technical effects is achieved with the method and the apparatus for determining a
representative wind turbine in a wind farm, the method and the apparatus for controlling a wind farm, the system for
controlling a wind farm, the computer-readable storage medium and the controller provided in the embodiments of the
present disclosure. A virtual representative turbine can be constructed through selecting turbine parts according to
predetermined types in the wind farm based on operating characteristics of the wind farm (for example, wind resource
information in the wind farm and operating-condition parameters of the wind turbines), to establish a database of virtual
representative turbine models. Operating conditions of the wind farm under different wind conditions can be identified
accurately and rapidly in a real-time control process, based on the sector representative turbines and the virtual
representative turbines. A real-time cluster control of the wind farm is improved (for example, within a second level)
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and safe operation for each wind turbine in the wind farm is guaranteed, since the virtual representative turbines change
with a change of an operation feature of the wind farm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above and other objects, features, and advantages of the present disclosure will be more apparent through
the detail description in conjunction with the drawings of the exemplary embodiments.

FIG. 1is aflowchart of a method for determining a representative wind turbine according to an exemplary embodiment
of the present disclosure;

FIG. 2 is a flowchart of a method for determining a representative wind turbine according to another exemplary
embodiment of the present disclosure;

FIG. 3is aschematic diagram illustrating a coordinate system for determining a representative wind turbine according
to an exemplary embodiment of the present disclosure;

FIG. 4 is a flowchart of a method for determining a representative wind turbine according to another exemplary
embodiment of the present disclosure;

FIG. 5is a schematic diagram illustrating a data flow of acquiring data for identifying a wind condition according to an
exemplary embodiment of the present disclosure;

FIG. 6 is a flowchart of a method for determining a representative wind turbine according to another exemplary
embodiment of the present disclosure;

FIG. 7 is a flowchart of a method for controlling a wind farm according to an exemplary embodiment of the present
disclosure;

FIG. 8 is a block diagram of an apparatus for determining a representative wind turbine according to an exemplary
embodiment of the present disclosure;

FIG. 9 is a block diagram of an apparatus for controlling a wind farm according to an exemplary embodiment of the
present disclosure;

FIG. 10 is a block diagram of some parts of an apparatus for controlling a wind farm according to an exemplary
embodiment of the present disclosure;

FIG. 11 is a schematic diagram illustrating a cluster control of a wind farm according to an exemplary embodiment of
the present disclosure; and

FIG. 12 is a block diagram of a controller according to an exemplary embodiment of the present disclosure.
DETAILED DESCRIPTION

[0012] More wind power bases are established as the process of carbon neutrality accelerates. Compared with a
traditional centralized wind farm, a large-base wind farm has the following characteristics: a large installed capacity
(generally more than 300MW) of the whole wind farm, a large number of installed wind turbines (generally more than 50
wind turbines), and a large wind farm area, resulting in an extremely large amount of operating data for wind turbines in the
wind farm. In addition, wind resources vary significantly across the large wind farm area, resulting in significant differences
in operating performance of the wind turbines. Since a cluster control (such as a load adaptive control or a wake control) for
the wind farm based on the operating data of the wind turbines in the wind farm is difficult to fulfill a real-time control
requirementdue to limitation of an amount and efficiency in calculation, itis necessary to select one or more representative
wind turbines in the wind farm to represent operating statuses of respective wind turbines in the wind farm, and further to
control the wind farm. Therefore, current researches are focused on how to select representative wind turbines and how to
perform wind farm control in a real time manner based on the representative wind turbines.

[0013] Itis difficult for traditional representative wind turbines to represent the operating statuses of all wind turbines in
the wind farm under certain wind conditions, especially under extreme wind conditions, due to a real-time fluctuation of the
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wind, so that the traditional representative wind turbines cannot be used for wind farm control. Therefore, representative
wind turbines are generally used to evaluate the power generation of the wind farm only in the conventional control of the
wind farm, and are difficult to be applied to control all wind turbines in the wind farm. In addition, the conventional wind farm
control is generally based on real-time operating data or historical operating data of the wind turbines in the wind farm,
rather than only using operating data of the representative wind turbines as an input source for wind farm control.
[0014] A method and an apparatus for determining a representative wind turbine in a wind farm and a method and an
apparatus for controlling a wind farm by using a representative wind turbine are provided in the present disclosure. In the
embodiments of the present disclosure, based on operating characteristics of the wind farm (for example, wind resource
information and operating parameters of the wind turbines in the wind farm), a virtual representative turbine is constructed
by selecting appropriate parts according to part types in the wind farm. The virtual representative turbine changes
according to a change of operating characteristics. The change of the operating characteristics can be identified through
sector representative wind turbines determined based on the wind resource information in the wind farm. The real-time
farm control of a large-scale wind farm is improved (for example, within a second level) by using operating parameters of
the virtual representative turbines as input for farm control of the wind farm. In addition, operating conditions of the wind
farm under different wind conditions can be identified accurately and rapidly based on the sector representative turbines
and the virtual representative turbines. Each wind turbine in the wind farm can be controlled in real time based on a real-
time output of the virtual representative turbines, so that each wind turbine in the wind farm operates in a designed logic
(such as dynamic sector management, wake cooperative control, load adaptive control), while the safe operation for each
wind turbine in the wind farm is guaranteed.

[0015] A description of embodiments is provided below in conjunction with the drawings to assist the reader in gaining a
comprehensive understanding of the method, apparatus, and/or system described herein. However, various changes,
modifications, and equivalents of the method, apparatus, and/or system described herein may be clear upon the
understanding of the present disclosure. For example, an order of operations described herein is only an example
and is not limited to those described herein, but may be changed as would be clear after understanding the present
disclosure, except for operations that must occur in a specific order. In addition, descriptions of features known in the art
may be omitted for clarity and conciseness.

[0016] The features described herein may be implemented in different forms and should not be limited to the examples
described herein. On the contrary, the examples described herein are provided to illustrate only some of the feasible
approaches to implementing the method, apparatus, and/or system described herein, while many other feasible
approaches would be clear upon the understanding of the present disclosure.

[0017] As used herein, term "and/or" includes any one of listed items associated with the term, and any combination of
any two or more of the items.

[0018] Although terms "first", "second," "third" and the like may be used herein to describe various components,
elements, regions, layers, or parts, these components, elements, regions, layers, or parts should not be limited by these
terms. On the contrary, these terms are only used to distinguish one component, element, region, layer, or part from
another component, element, region, layer, or part. Therefore, without departing from the teachings of the examples, a first
component, first element, first region, first layer, or first part referred to in the examples described herein may alternatively
be referred to as a second component, second element, second region, second layer, or second part.

[0019] The terms used herein are only for describing various examples and are not intended to limit the present
disclosure. Unless explicitly indicated in the context otherwise, a singular form is also intended to include a plural form.
Terms "include," "comprise," and "have" indicate the existence of a mentioned feature, quantity, operation, component,
element, and/or combination thereof, but do not exclude the existence or addition of one or more other features, quantities,
operations, components, elements, and/or combinations thereof.

[0020] Unless defined otherwise, all terms used herein (including technical terms and scientific terms) have the same
meanings as those commonly understood by those skilled in the art to which the present disclosure belongs upon the
understanding of the present disclosure. Unless explicitly defined otherwise, terms (such as terms defined in a general
dictionary) should be interpreted as having meanings consistent with their respective contexts in the relevant field and in
the present disclosure, and should not be interpreted ideally or too formally.

[0021] In addition, in the description of the examples, the detailed description of well-known relevant structures or
functions is omitted when it is believed that the detailed description may lead to ambiguity in the present disclosure.
[0022] FIG. 1 is a flowchart of a method for determining a representative wind turbine according to an exemplary
embodiment of the present disclosure.

[0023] As shown in FIG. 1, a sector representative turbine for each sector is determined based on wind resource
information in the wind farm (S11). In an embodiment of the present disclosure, the wind resource information may include
atleast one of the following items: a direction of an incoming wind, an average wind speed, probability density distribution
for wind speed, an overall turbulence intensity, an inflow angle, wind shear, air density, a wake effect, and an extreme wind
condition in a sector where each wind turbine is located. The wind resource information can be acquired through any
device that monitors or predicts wind speed data in the wind farm. For example, the wind resource information may be
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acquired through wind-detecting radar that is able to monitor wind direction and wind speed.

[0024] In an embodiment of the present disclosure, the wind resource information and terrain information of the wind
farm can be acquired, and all wind turbines are classified based on the acquired wind resource information and terrain
information to divide the wind farm into multiple sectors. Here, the terrain information indicates a geographical char-
acteristic of an area where the wind farmis located, and may include at least one of the following items, for the sector where
each wind turbine is located: a slope grade, a ruggedness index grade, and a comprehensive terrain grade determined by
the slope grade and the ruggedness index grade. The terrain information can be obtained through any device that monitors
or predicts the geographical information in the wind farm, for example, through a lidar capable of surveying and mapping
terrain.

[0025] Forexample, the wind farm may be divided into multiple sectors based on the terrain information. A geographical
coordinate system of the wind farm may be established with true north as a positive direction, and the wind farm is divided
into multiple sectors based on the geographical coordinate system. In a case that an incoming wind comes from a certain
sector, a wind turbine that receives the incoming wind first (i.e., the first wind turbine in an upwind direction) of the sector is
set as the sector representative wind turbine of the sector.

[0026] Sectors obtained by dividing based on the geographical coordinate system may be determined as initial sectors.
The sector representative wind turbine for each initial sector is determined by converting the geographical coordinate
system based on the incoming wind direction in the wind farm. For example, the geographical coordinate system may be
converted into a wind direction coordinate system based on the incoming wind direction in the wind farm; and the sector
representative wind turbine for each initial sector is determined in the wind direction coordinate system. FIG. 3 is a
schematic diagram illustrating a coordinate system for determining a representative wind turbine according to an
exemplary embodiment of the present disclosure.

[0027] As shown in FIG. 3, the geographical coordinate system a in which the true north direction N is the positive
direction of the y-axis can be converted into the wind direction coordinate system b in which the opposite direction of the
incoming wind is the positive direction of the y-axis. In this way, the geographical coordinates (x’, y’) in the geographical
coordinate system a can be converted into the wind direction coordinates (x0, y0) in the wind direction coordinate systemb.
For each sector, the sector representative wind turbine can be determined based on a y-axis projection value in the wind
direction coordinate system. For example, a wind turbine corresponding to a turbine point with a minimum y-axis projection
value in the wind direction coordinate system can be determined as the sector representative wind turbine for the sector. In
this way, the representative wind turbines for respective sectors are determined, and the number of sectors may be equal
to the number of the sector representative wind turbines.

[0028] In anembodiment of the present disclosure, sectors obtained by dividing based on the geographical coordinate
system may be determined as initial sectors. The sector representative turbine for each initial sector is determined based
on the y-axis projection value in the wind direction coordinate system, where a positive direction for the y-axis is an
opposite direction of the incoming wind.

[0029] Inan embodiment of the present disclosure, all wind turbines can be classified to obtain wind turbine sets each
including multiple wind turbines, based on obtained relevant data and taking a wind-turbine load as a constraint. Each wind
turbine belongs to multiple sectors corresponding to respective classification manners. All sectors are classified to obtain
multiple sector groups, based on the obtained relevant data and taking a sector load as a constraint. The number of sector
groups is equal to the number of wind turbine sets. For each wind turbine, in a case that the number of sectors, to which the
wind turbine belongs and which corresponds to respective classification manners, belonging to the same sector group
exceeds a predetermined number, the sector group with the number of sectors exceeding the predetermined number is
determined as a corresponding wind turbine set for this wind turbine. For example, all sectors are classified based on the
obtained wind resource information and terrain information, to obtain multiple wind resource groups through classifying by
wind resource information, multiple terrain groups through classifying by terrain information, and multiple comprehensive
groups through classifying by the wind resource information and the terrain information. Here, each of the number of wind
resource groups, the number of terrain groups, and the number of comprehensive groups is identical with the number of
wind turbine sets. A load adaptability level for each wind resource group, each terrain group, and each comprehensive
group is determined respectively. Sectors with the same load adaptability level in the multiple wind resource groups, the
multiple terrain groups, and the multiple comprehensive groups are determined as a sector group. For another example,
the multiple wind resource groups can be acquired by classifying all sectors through a cluster analysis method, based on
the obtained wind resource information of all the sectors; the multiple terrain groups can be acquired by classifying all
sectors through a cluster analysis method, based on the obtained terrain information of all the sectors; and the multiple
comprehensive groups can be acquired by classifying all sectors through a cluster analysis method, based on the obtained
wind resource information and terrain information of all the sectors. During classifying, the obtained wind resource
information may be normalized, and all sectors are classified based on the normalized wind resource information to obtain
the multiple wind resource groups; all sectors are classified based on the terrain information and the normalized wind
resource information to obtain the multiple comprehensive groups. In addition, the nominal value corresponding to the
wind resource information during the normalization process may be regulated to ensure that all sectors can be classified
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into corresponding sector groups.

[0030] Inanotherembodiment of the present disclosure, the sectors are reorganized sectors after reorganizing all initial
sectors in the wind farm. The sector reorganization operation is illustrated below with reference to FIG. 2.

[0031] FIG. 2 is a flowchart of a method for determining a representative wind turbine according to another exemplary
embodiment of the present disclosure.

[0032] As shown in FIG. 2, a sector representative wind turbine for each initial sector is determined based on an
incoming wind direction in the wind farm (S21). As described above, the sector representative wind turbine for each initial
sector may be determined by converting the coordinate system.

[0033] The reorganized sectors are acquired by reorganizing all the initial sectors, based on the sector representative
turbine and a damage potential index for each sector, where the damage potential index is determined based on a wind
speed, a probability density for the wind speed, and a turbulence intensity for the wind speed (S22). For example, the
damage potential index may be calculated based on the following formula.

1

Xtota! = [ > pj,j,N(uj,j,/VTjj,j,/\/) J" (1)

1,7,V

where, X, represents a total damage potential of the wind farm, i represents an identifier of the wind speed, j represents
an identifier of the sector, N represents a serial number of a wind turbine, and j = N, that is, the sector representative wind
turbine for each sector is determined; P,-Jj’N is a probability density of the i-th wind speed in the j-th sector where the sector
representative wind turbine with the Turbine number N is located; Uijn is the i-th wind speed in a wind speed matrix U =
Veutine -+ » Youtout -+ 0-7V,efd, Where V. is a cut-in wind speed, V4, is a cut-out wind speed, V,sis an average wind
speed within 10 minutes of the extreme wind conditions that occur once in fifty years; Ti,-,j,N is a turbulence intensity of the i-
th wind speed in the j-th sector where the sector representative wind turbine with the Turbine number N is located; mis a
Wall index of the material of a main part (such as a blade, a hub, a base, or a tower) in the wind turbine, e.g., the value of m
for cast iron is generally 4, and the value of m for fiberglass is 9 or 10.

[0034] The damage potential index le for the j-th sector is defined as:

(S o, i, )T
X]j = 2)

total

[0035] Itis assumed that the wind farm has n initial sectors, sectors may be reorganized based on a damage potential
index difference between two adjacent initial sectors. For example, the damage potential index difference A between the
two adjacent sectors can be calculated in a clockwise direction, as follows:

_ |XIn; —XIy_1;-1,N=j=1,2,..,n—1

: . 3)
N |XIpo — X[, N=j=0

[0036] For example, the two adjacent initial sectors are merged into a reorganized sector, in a case that the damage
potential index difference between the two adjacent initial sectors is minimum and less than a predetermined index
difference (for example, 0.1); or, two adjacent sectors including a reorganized sector and an initial sector are mergedinto a
reorganized sector, in a case that the damage potential index difference between these two adjacent sectors including the
reorganized sector and the initial sector is minimum and less than the preset index difference.

[0037] Inacasethatafirstreorganized sectoris formed by merging two initial sectors, a serial number of an initial sector
with a larger damage potential index in the two adjacent sectors is determined as a serial number of the first reorganized
sector; and in a case that a second reorganized sector is formed by merging two adjacent sectors including a reorganized
sector and aninitial sector, a serial number of the initial sector is determined as a serial number of the second reorganized
sector.

[0038] Inthe embodiment of the presentdisclosure, merging is only performed on the initial sectors or on an initial sector
and a reorganized sector, and the reorganized sectors are not merged. As described above, reorganization can be
performed on the sectors repeatedly, until merging cannot be performed any more. In this way, unnecessary information
processingis reduced, subsequent calculation efficiency is improved, excessive merging is prevented, and itis ensured to
extract sufficient effective information.
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[0039] Inaddition, a sector representative wind turbine for each reorganized sector is determined based on composition
information of each reorganized sector (S23). For example, composition information of a reorganized sector may indicate
whether the reorganized sector is obtained by merging and/or which types of sectors are merged to obtain the reorganized
sector. The composition information may indicate one type of the following information: the reorganized sector being not
obtained by merging, thatis, the reorganized sector is an initial sector; the reorganized sector being formed by merging two
adjacent initial sectors; or the reorganized sector being formed by merging two adjacent sectors including a reorganized
sector and an initial sector.

[0040] Forexample, in a case that a first reorganized sector is formed by merging two adjacent initial sectors, a sector
representative turbine for an initial sector with a larger damage potential index in the two adjacent initial sectors is
determined as a sector representative turbine for the first reorganized sector.

[0041] Forexample, in a case that a second reorganized sector is formed by merging two adjacent sectors including a
reorganized sector an initial sector, a sector representative turbine for the initial sector is determined as a sector
representative turbine for the second reorganized sector.

[0042] The management of the representative wind turbines and the sectors to which they belong can be optimized by
reorganizing the sectors, thereby facilitating accurate assessment of wind conditions in different sectors.

[0043] Reference is made to FIG. 1 again, where a wind condition of each sector is identified based on an operating-
condition parameter of a sector representative wind turbine for the sector (S12). For example, the operating-condition
parameter may include measured wind speed data or turbine operating data of the sector representative wind turbine. An
operation mode of the representative wind turbine can be identified based on the operating-condition parameter. The wind
condition may include at least one of the following: a wind condition for a normal power generation operation, a wind
condition for an extreme power generation operation, a wind condition for a normal shut-down operation, and a wind
condition for an extreme shut-down operation. The wind condition for the normal power generation operation indicates a
wind condition under which the wind turbine is allowed to perform the normal power generation operation, forexample, the
wind speed is within a normal wind speed range (that is, between the cut-in wind speed to and the cut-out wind speed) and
the turbulence intensity is within a normal turbulence range (that s, less than or equal to a turbulence intensity threshold).
Correspondingly, under the wind condition for the normal power generation operation, the operation mode of the wind
turbine is a normal power generation operating-condition. The wind condition for the extreme power generation operation
indicates awind condition under which the wind turbine is allowed to perform the extreme power generation operation. The
turbulence intensity under the wind condition for the extreme power generation operation is larger than that under the wind
condition for the normal power generation operation. For example, the wind speed is within the normal wind speed range
(thatis, between the cut-in wind speed and the cut-out wind speed), and the turbulence intensity is greater than or equal to
the turbulence intensity threshold and is lower than an extreme turbulence intensity. Correspondingly, under wind
condition for the extreme power generation operation, the operation mode of the wind turbine is an extreme power
generation operating-condition. The wind condition for the normal shut-down operation indicates a wind condition that
triggers the normal shutdown operation of the wind turbine. Correspondingly, under the wind condition for the normal shut-
down operation, the operation mode of the wind turbine is a normal shutdown operating-condition. The wind condition for
the extreme shut-down operation indicates a wind condition that triggers the extreme shut-down operation of the wind
turbine. Correspondingly, under the wind condition for the extreme shut-down operating, the operation mode of the wind
turbine is an extreme shutdown operating-condition.

[0044] Under the wind condition for the normal power generation operation, the wind turbine can generate electricity
normally. A real-time measured wind speed is generally within the range from the cut-in wind speed V,;, to the cut-out
wind speed V., and the turbulence intensity is less than or equal to the turbulence intensity threshold (/.o + &), where,
l,of represents a set value of the turbulence intensity, and ¢ is a constant (for example, 0.02).

[0045] Underthe wind condition for the extreme power generation operation, the wind turbine can generate electricity in
this case, but a relatively large damage may occur in the wind turbine. The real-time measured wind speed is generally in
the range from the cut-in wind speed V,,;, to the cut-out wind speed V.~ and the turbulence intensity is between the
turbulence threshold (/s + ) and the extreme turbulence intensity ETM (for example, the measured extreme turbulence
intensity within 10 minutes under an extreme turbulence situation that occurs once in fifty years).

[0046] Under the wind condition for the normal shut-down operation, the real-time measured wind speed wsp <V,
and the turbulence intensity Timeets ETM < Ti< ETM + ¢, or the real-time measured wind speed wsp meets V, 4,,,s <Wsp <
0.7V grand the turbulence intensity Timeets 0 < Ti< ETM + 6, where V,smay be an average wind speed within 10 minutes
under an extreme wind condition that occurs once in fifty years.

[0047] Under the wind condition for the extreme shut-down operation, V,,
0.7V, sand Ti>0.

[0048] In the wind turbine design specifications, it is possible to obtain a standard deviation ¢ through the following
formula according to the set value of the turbulence intensity /. to estimate a value of ETM:

<wsp <0.7V and Ti> ETM + 6, or wsp >

utin
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Va

w4 3) (22— 4)+10) ()

0y = Clyep (0.072

where, ¢ is a wind speed (for example, 2m/s) set in advance according to an empirical formula, V,,, represents a
cumulative average wind speed up to this moment, and V,, ,, represents an average wind speed within 10 minutes before
this moment.

[0049] Wind conditions correspond to respective operation modes of the wind turbine. For example, the wind condition
for normal power generation operation corresponds to the normal power generation operating-condition, the wind
condition for the extreme power generation operation corresponds to the extreme power generation operating-condition,
the wind condition for the normal shut-down operation corresponds to the normal shut-down operating-condition, and the
wind condition for the extreme shut-down operation corresponds to the extreme shut-down operating-condition. There-
fore, the operation mode (for example, the normal power generation operating-condition, the extreme power generation
operating-condition, the normal shut-down operating-condition, the extreme shut-down operating-condition, idling, etc.) of
each representative wind turbine can be determined based on the operating-condition parameters of each representative
wind turbine, so that wind condition of the sector where the sector representative wind turbine is located can be identified.
[0050] In addition, wind-condition identification may be corrected with a free-stream transfer function. FIG. 5 is a
schematic diagram illustrating a data flow of acquiring data for identifying a wind condition according to an exemplary
embodiment of the present disclosure.

[0051] As shown in FIG. 5, the measured wind speed data 51 (for example, the measured wind speed data obtained
through the wind speed measuring instrument on the nacelle) corresponding to the sector representative wind turbine and
turbine operating data 52 (including the operating-condition parameters of the sector representative wind turbine, which
can be obtained, for example, through a SCADA system (Supervisory Control and Data Acquisition System) of the wind
farm) of the wind turbine can be input to the free-stream transfer function 53 to correct the input data, so that the corrected
wind speed data 54 is obtained. The corrected wind speed data 54 is input to a wind-condition identification model 55 to
output wind-condition identification data 56. Since the measured wind speed data corresponding to the sector repre-
sentative wind turbine is measured by a sensor of its own and the turbulence is disturbed by the wake effect, the correction
operation described above can effectively improve wind-condition identification.

[0052] Referring to FIG. 1 again, turbine parts with respective predetermined types are selected from wind turbines in
each sector as virtual representative parts, based on the wind condition in each sector (S13).

[0053] In an embodiment of the present disclosure, the predetermined part types may be determined based on weak
parts in the wind turbine design process. For example, the predetermined part types may include a blade, a hub, a tower
top, a tower bottom, a gearbox, a main bearing, and the like. Further, non-restricted key parts can be excluded when
performing the selection, where the non-restricted key parts represent parts whose load indicators in actual operation are
usually consistent with the design indicators. For example, under various wind conditions in the wind farm and under any
possible normal control strategy, the load indicators of the non-restricted key parts (for example, the tower bottom) are
determined to be consistent with the design indicators based on experience or simulation tests. Therefore, the non-
restricted key parts (for example, the tower bottom) may not be considered in determining virtual representative parts.
[0054] The virtual representative parts may be determined based on an operation mode identified through the wind
condition. FIG. 4 is a flowchart of a method for determining a representative wind turbine according to another exemplary
embodiment of the present disclosure.

[0055] AsshowninFIG. 4, an operation mode of each sector is determined, based on the wind condition in each sector
(S41). For example, the operation mode includes at least one of the following: the normal power generation operating-
condition, the extreme power generation operating-condition, the normal shut-down operating-condition, and the extreme
shut-down operating-condition. As described above, a wind condition of the wind turbine during operating corresponds to
an operation mode of the wind turbine. Therefore, the operation mode can be determined based on the wind condition.
[0056] Loadassessmentis performed on each wind turbine in each sector, based on the operation mode of each sector
(S42). The load assessment may be performed based on predetermined part types to determine the virtual representative
parts representing the sector, since a load index is one of the important indicators for wind farm control.

[0057] The turbine parts with the respective predetermined types are selected from the wind turbines in each sector as
the virtual representative parts, based on load assessment results of each sector (S43). The load assessment results of
each sector can helps distinguishing wind turbine parts of the same part type within the sector and are the basis for
determining the virtual representative parts.

[0058] In an embodiment of the present disclosure, load assessment of the wind turbine parts may be performed by
ranking the loads. FIG. 6 is a flowchart of a method for determining a representative wind turbine according to another
exemplary embodiment of the present disclosure.

[0059] Asshown in FIG. 6, for each wind turbine in each sector, for the wind turbines in each sector, each type of load
components of turbine parts with a same predetermined type in the sector under each operation mode is acquired (S61).
For example, for each wind turbine in each sector, load components (for example, Mx, My, and Mz) of the hub or a blade
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root under each operation mode (for example, the normal power generation operating-condition, the extreme power
generation operating-condition, the normal shut-down operating-condition, the extreme shut-down operating-condition,
idling, and the like) may be acquired; load components (for example, a blade tip clearance) of a blade tip under each
operation mode (for example, the normal power generation operating-condition, the extreme power generation operating-
condition, the normal shut-down operating-condition, the extreme shut-down operating-condition, idling, and the like) may
be acquired; load components (for example, a tooth root load, a tooth surface load, a bearing load) of the gearbox under
each operation mode (for example, the normal power generation operating-condition, the extreme power generation
operating-condition, the normal shut-down operating-condition, the extreme shut-down operating-condition, idling, and
the like) may be acquired.

[0060] Foreach type of load components of the turbine parts with a same predetermined type, the turbine parts with the
same predetermined type are ranked according to load component values of this type of load components (S62). The
turbine parts can be evaluated in multiple dimensions through ranking according to different types of load components. An
example is shown in the table below, where a turbine part number is a number of the wind turbine in which the part is
located.

Table 1
Sector number | Turbine part with a Type of load components | Ranking result of turbine parts with
predetermined type respective turbine part numbers

0 Hub Mx A1, A2,B1,C2,...

My B1,A1,A5,C2,...

Mz A1,A2,B1,C2,...
0 Blade root Mx B2,A1,A5,C2,...

My A2, B1, A1,C2,...

Mz C2,A2,A4,B3,...
0 Blade hip Clearance C2,A1,A4,B1,...
15 Gearbox Tooth root load A5, A2, B1,C2,...

Tooth surface load A5, A2, B1,C2,...

Bearing load A5, A2, B1,C2,...

[0061] Inanembodiment of the present disclosure, for each type of load components of the turbine parts with the same
predetermined type, a turbine part with a maximum load component is determined as a virtual representative part for each
sector, based on ranking results of each sector.

[0062] Again, as shown in FIG. 1, a virtual representative turbine for each sector under each operation mode is
constructed, based on the virtual representative parts in each sector under each wind condition (S14). Amodel database of
virtual representative turbines in the wind farm is established by constructing virtual representative turbines, to facilitate
wind farm control under different wind conditions. The relevant information of the virtual representative wind turbines can
be recorded in a form of a mapping relationship table, as shown in the following table.
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Table 2
Operation Sector Virtual Turbine part with | Type of load components | Turbine part number
mode number | representative | a predetermined
turbine type

Normal 0 Xwre 1 Hub Mx A1

power My B1

generation

operating- Mz Al

condition Blade root Mx B2
My A2
Mz Cc2

Blade hip Clearance Cc2
Gearbox Tooth root load A5
Tooth surface load A5
Bearing load A5
15 Xwre, 2

Extreme 15 Xwre 2 | e e ] e

shut-down

operating-

condition

[0063] Asshown in the table above, in the same sector and under the same operation mode, the virtual representative
turbine has a one-to-one correspondence with the sector it represents. Therefore, one physical wind turbine in a sector will
not be represented by two different virtual representative turbines.

[0064] In addition, the sectors may be further divided to avoid deviations in the selection of virtual representative parts
caused by differences within the sectors (for example, differences in terrain, and differences in wind speed distribution).
[0065] In another embodiment of the present disclosure, each sector can be divided into a predetermined number of
sub-sectors, based on the wind source data in each sector. For example, a flow field simulation for the wind farm may be
performed to obtain the wind resource information in each sector (such as the wind speed, the turbulence intensity, the air
density, the wind shear, and the inflow angle). Wind turbines in each sector are grouped based on the wind resource
information. For example, all the wind resource information may be normalized to a range of (0,1); a clustering algorithm
(for example, k Mean clustering algorithm) may be performed to divide wind turbines into a preset number of groups;
turbine numbers of the wind turbines corresponding to each group in the sector are recorded to establish a grouping
information table corresponding to the wind farm. An example is shown in the table below. An identifier of each wind turbine
may be represented a sector number, a group number, and a turbine number collectively. For example, an identifier 0-g0-
A1 of a wind turbine indicates that the corresponding sector number is 0, the group number is 0, and the turbine number is
A1 of the wind turbine. The identifier of each wind turbine is unique. One wind turbine will not locate in two sectors, or one
wind turbine will not be in two groups in a sector. Therefore, the sector where the wind turbine is located and the group of the
wind turbine within the sector can be identified through the identifier of the wind turbine.

Table 3
Sector number Group number Turbine number
0 go A1,A2, ...
0 g1 A3, A4, -
1 go A2, A3, ......

10
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(continued)

Sector number Group number Turbine number

15 g3 A4, A5, -

[0066] Therefore, for each type of load components of the turbine parts with the same predetermined part type, turbine
parts with the same predetermined part type in each sub-sector are ranked based on the load component values of this
type of load components. For example, based on ranking results of each type of load components in a sub-sector of each
sector and for each type of load components of the turbine parts with the same predetermined type, a turbine part with a
maximum load component in the turbine parts with the same predetermined type in the sub-sector is determined as a
virtual representative part for the sub-sector. In this way, a virtual representative turbine for each sector under each
operation mode is constructed based on the virtual representative parts in each sector under different wind conditions
through: constructing a virtual representative turbine for each sub-sector under each operation mode based on the virtual
representative parts in the sub-sector of each sector under each wind condition. In this way, the division of sectors can be
further refined and the accuracy of selecting virtual representative turbines can be improved.

[0067] According to the embodiment of the present disclosure, the method further includes: determining and storing a
virtual mapping relationship for each sector under each operation mode based on the virtual representative parts in each
sector under each wind condition. For example, the virtual mapping relationship for each sector under each operation
mode comprises a mapping relationship between each virtual representative turbine and at least one of the following: the
sector, a wind turbine where each of virtual representative parts of the virtual representative turbine is located, the
operation mode, a predetermined type corresponding to each of the virtual representative parts of the virtual represen-
tative turbine, and a type of load components corresponding to each of the virtual representative parts of the virtual
representative turbine (for example, Table 2).

[0068] The virtual representative turbine for each sector under a real-time operation mode can be detected in real time
based on the virtual mapping relationship during the real-time control process of the wind farm by storing the virtual
mapping relationship of each sector under each operation mode, and the wind farm is accurately controlled based on the
operating parameters of the virtual representative turbines. The operating parameters of the virtual representative
turbines may be acquired through the SCADA system of the wind farm, and the operating parameters may include
SCADA data obtained by the SCADA system.

[0069] FIG.7isaflowchartof amethod for controlling a wind farm according to an exemplary embodiment of the present
disclosure.

[0070] Asectorrepresentative turbine foreach sectoris determined based on wind resource information in the wind farm
(S71). As described above, in the embodiment of the present disclosure, the wind resource information may include at
least one of the following items: an average wind speed in a sector where each wind turbine locates, probability density
distribution for wind speed, an overall turbulence intensity, an inflow angle, wind shear, air density, a wake effect, and an
extreme wind condition. The wind resource information can be acquired through any device that monitors or predicts wind
speed data in the wind farm. The sector representative wind turbine may be determined by converting the coordinate
system based on the incoming wind direction in the wind farm.

[0071] An operation mode for each sector where the sector representative turbine locates is identified based on an
operating-condition parameter of each sector representative turbine (S72). For example, the operating-condition para-
meter may include: measured wind speed data, turbine operating data, head orientation data and the like of the sector
representative turbine. The operation mode of the sector representative turbine can be identified based on the operating-
condition parameter, such as a normal power generation operating-condition, an extreme power generation operating-
condition, a normal shut-down operating-condition, an extreme shut-down operating-condition, idling, and the like.
[0072] An operating parameter of a virtual representative turbine under an identified operation mode in each sector is
determined (S73). The operating parameter of the virtual representative turbine may be acquired through the SCADA
system of the wind farm, and the operating parameter may include SCADA data obtained by the SCADA system. For
example, the operating parameter may include aload parameter of a virtual representative partin the virtual representative
turbine. In the embodiment of the present disclosure, the virtual representative turbine is determined based on the method
for determining a representative wind turbine in a wind farm described above. For example, the virtual representative
turbine under the identified operation mode in each sector may be determined by performing search in the virtual mapping
relationship of each sector in different operation modes.

[0073] In the embodiment of the present disclosure, a physical load sensor may be installed on each virtual repre-
sentative part of the virtual representative turbine or a virtual load sensor (established through machine learning) may be
established for each virtual representative part to monitor the load parameter of each virtual representative part.
[0074] A control parameter of each wind turbine in each sector is regulated based on the operating parameter (S74). For
example, a hub load index, a blade root load index, a blade tip clearance index, and the like may be determined based on
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various monitored load parameters. Moreover, a corresponding control parameter can be determined based on the load
parameter. Forexample, a control parameter inverse model may be used to determine a pitch angle parameter, animpeller
rotational-speed parameter, an output power parameter, a generator torque parameter, a nacelle acceleration parameter,
and the like. Accordingly, the control parameter can be regulated based on the load index and the control parameter
determined by the operating parameter. A control parameter inverse model is obtained by a machine learning algorithm,
where the control parameter inverse model takes the load parameter as an input and the control parameter as an output.
[0075] The wind turbines in each sector are controlled based on respective regulated control parameters (S75). For
example, a control instruction for each wind turbine may be generated based on the regulated control parameter thereof to
adjust the operation of the wind turbine in real time.

[0076] Inthis way, the wind farm can be controlled in real time based on the sector representative turbines and the virtual
representative turbines, thereby improving the accuracy and real-time performance of the control.

[0077] FIG. 8 is a block diagram of an apparatus 8 for determining a representative wind turbine in a wind farm W
according to an exemplary embodiment of the present disclosure.

[0078] The apparatus 8 includes: a sector representative turbine determination module 81, configured to determine a
sector representative turbine in each sector based on wind resource information for the wind farm; a wind conditions
identification module 82, configured to identify wind conditions of each sector where the sector representative turbine
locates, based on an operating-condition parameter of each sector representative turbine; a virtual representative part
selection module 83, configured to select a turbine part with a predetermined type from a wind turbine in each sector as a
virtual representative part, based on wind conditions in each sector; and a virtual representative turbine construction
module 84, configured to construct a virtual representative turbine for each sector in different operation modes, based on
the virtual representative part in each sector under different wind conditions.

[0079] Operations of modules in the apparatus 8 may be understood with reference to the exemplary descriptionin FIG.
1 to FIG. 7, and are not repeated here for the sake of brevity.

[0080] FIG.9isablock diagram of an apparatus 9 for controlling a wind farm W according to an exemplary embodiment
of the present disclosure.

[0081] As shown in FIG. 9, n wind turbines W1, W2...Wn are arranged in the wind farm W.

[0082] The apparatus 9 may include: a sector representative turbine determination module 91, configured to determine
a sector representative turbine in each sector based on wind resource information for the wind farm; an operation mode
identification module 92, configured to identify an operation mode for each sector where the sector representative turbine
locates, based on an operating-condition parameter of each sector representative turbine; a parameter acquisition module
93, configured to acquire an operating parameter for a virtual representative turbine in an identified operation mode in each
sector, where the virtual representative turbine is determined based on the method for determining the representative wind
turbine in the wind farm described above; and a control module 94, configured to regulate a control parameter for the wind
turbine in each sector, based on the operating parameter; and control the wind turbine in each sector based on a regulated
control parameter.

[0083] Operations of modulesinthe apparatus 9 may be understood with reference to the exemplary descriptionin FIG.
1 to FIG. 8, and are not repeated here for the sake of brevity.

[0084] FIG. 10is a block diagram of some parts in an apparatus for controlling a wind farm according to an exemplary
embodiment of the present disclosure.

[0085] In the embodiment shown in FIG. 10, the parameter acquisition module 93 may include a virtual mapping
relationship storage module 931, aload sensor module 932 and a parameter estimation module 933. The virtual mapping
relationship storage module 931 may be configured to store a model database of the virtual representative turbine in the
wind farm, so as to determine the virtual representative turbine in each sector in the identified operation mode by searching
the virtual mapping relationship of each sector in different operation modes. The load sensor module 932 may be
configured to monitor the load parameter of each virtual representative part, which may include a physical load sensors
arranged on each virtual representative part of the virtual representative turbine, and/or virtual load sensors established for
each virtual representative part (established via machine learning). The parameter estimation module 933 may be
configured to determine a corresponding control parameter based on the load parameter. For example, the control
parameter (such as a pitch angle parameter, an impeller speed parameter, an output power parameter, a generator torque
parameter and a nacelle acceleration parameter).

[0086] The parameter acquisition module 93 may output the load parameter and the control parameter to the control
module 94 to generate control instructions for controlling each wind turbine in the wind farm W through the control module
94.

[0087] In this way, the sector representative wind turbine changes with the change of operating characteristics of the
wind farm. Each wind turbine in the wind farm can be controlled in real time based on the real-time output of the virtual
representative turbine.

[0088] A system forcontrollingawind farmis provided according to the embodiment of the present disclosure, including:
a farm-level controller, including the apparatus for controlling the wind farm according the embodiment of the present
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disclosure, and configured to send control instructions to each wind turbine; and a stand-alone controller, arranged in the
wind turbine, and configured to control an operation of the wind turbine, based on control instructions received from the
farm-level controller. For example, a field-level controller may be arranged in the wind farm W to perform a cluster control
on the wind turbines in the wind farm. n stand-alone controllers are respectively provided in the wind turbines W1, W2...Wn
of the wind farm W for controlling each wind turbine respectively in response to control instructions received from the field-
level controller.

[0089] FIG. 11isaschematic diagramillustrating a cluster control of a wind farm according to an exemplary embodiment
of the present disclosure.

[0090] As shown in Figure 11, the sector representative wind turbine determination module M1 determines the sector
representative wind turbine of each sector based on the wind resource information in the wind farm W. The operation mode
identification module M2 in the sector representative wind turbine of each sector can identify the operation mode of the
sector where the sector representative wind turbine is located based on the working parameter of the sector representative
wind turbine. For example, the operating-condition parameter may include: measured wind speed data for the sector
representative turbine D1, operating data for the wind turbine D2, head orientation data D3, and the like. The operation
mode identification module M2 acquires the measured wind speed data D1, the operating data for the wind turbine D2,
head orientation data D3, and the like, to generate and output operation mode data D4 indicating the operation mode of the
sector and sector number data D5 indicating the sector number.

[0091] The virtual mapping relationship storage module M3 retrieves the model database of the virtual representative
turbine D6 based on the acquired operation mode data D4 the and sector number data D5, so as to generate a virtual wind
turbine partlist D7 in each sector by retrieving the virtual mapping relationship of each sector in different operation modes,
thereby determining the virtual representative turbine of each sector in the identified operation mode.

[0092] The load sensor module M4 is configured to obtain the load parameter D8 of each virtual wind turbine partin the
virtual representative turbine based on the virtual wind turbine part list D7. For example, the load sensor module M4 is able
to obtain the load parameter D8 of the virtual representative part through the SCADA system of the wind farm.

[0093] The parameter estimation module M5 is configured to determine the corresponding control parameter D9 based
on the load parameter D8. The control module M6 can adjust control parameters of the wind turbines in each sector based
on the load parameter D8 and the control parameter D9, and generate and output control instructions based on the
adjusted control parameters to control each wind turbine in the wind farm W. In this way, real-time cluster control of the wind
farm can be improved.

[0094] A computer-readable storage medium is provided according to the embodiment of the present disclosure, where
a computer program is stored in the computer-readable storage medium; the computer program, when executed by the
processor, implements the method for determining the representative wind turbine in the wind farm or the method for
controlling the wind farm according to the embodiment of the present disclosure.

[0095] In the embodiment of the present disclosure, the computer-readable storage medium may store one or more
programs. When the computer program is executed, the following operations of the method for determining the
representative wind turbine in the wind farm described in FIG. 1 to FIG. 6 can be achieved: determining a sector
representative turbine in each sector based on wind resource information for the wind farm; identifying wind conditions of
each sector, based on an operating-condition parameter of the sector representative turbine in each sector; selecting a
turbine part with a predetermined type from a wind turbine in each sector as a virtual representative part, based on wind
conditions in each sector; and constructing a virtual representative turbine for each sector in different operation modes,
based on the virtual representative part in each sector under different wind conditions. In the embodiment of the present
disclosure, the computer-readable storage medium may store one or more programs. When the computer program is
executed, the following operations of the method for controlling the wind farm described in FIG. 7 can be achieved:
determining a sector representative turbine in each sector based on wind resource information for the wind farm;
identifying an operation mode for each sector where the sector representative turbine locates, based on an operating-
condition parameter of each sector representative turbine; obtaining an operating parameter for a virtual representative
turbine in an identified operation mode in each sector, where the virtual representative turbine is determined based on the
method for determining the representative wind turbine in the wind farm according to the embodiment of the present
disclosure; regulating a control parameter for the wind turbine in each sector, based on the operating parameter; and
controlling the wind turbine in each sector based on a regulated control parameter.

[0096] The computer-readable storage medium may be, but is not limited to, an electrical, magnetic, optical, electro-
magnetic, infrared, or semiconductor system, apparatus, or device, or any combination thereof. More specific examples of
the computer-readable storage medium may include, but are notlimited to: an electrical connection with one or more wires,
a portable computer disk, a hard disk, a random access memory (RAM), a read only memory (ROM), an erasable
programmable read only memory (EPROM or a flash memory), an optical fiber, a portable compact disk read only memory
(CD-ROM), an optical storage device, a magnetic storage device, or any suitable combination of the above. In the
embodiments of the present disclosure, the computer-readable storage medium may be any tangible medium that
contains or stores a computer program, and the computer program may be used by or in combination with an instruction
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execution system, apparatus, or device. The computer program stored in the computer-readable storage medium may be
transmitted by any suitable medium, including but not limited to: a wire, an optical cable, RF (Radio Frequency), or any
suitable combination of the above. The computer-readable storage medium may be arranged in any apparatus, or may be
separate without being arranged into the apparatus.

[0097] FIG. 12 is a block diagram of a controller according to an exemplary embodiment of the present disclosure.
[0098] As shown in FIG. 12, a controller 100 according to an embodiment of the present disclosure may include a
memory 101 and a processor 102, and a computer program 103 is stored on the memory 101. When the computer program
103 is executed by the processor 102, the method for determining the representative wind turbine in the wind farm or the
method for controlling the wind farm according to the embodiment of the present disclosure is implemented.

[0099] Inthe embodiment of the presentdisclosure, when the computer program 103 is executed by the processor 102,
the following operations of the method for determining the representative wind turbine in the wind farm described in FIG. 1
to FIG. 6 can be achieved: determining a sector representative turbine in each sector based on wind resource information
for the wind farm; identifying wind conditions of each sector, based on an operating-condition parameter of the sector
representative turbine in each sector; selecting a turbine part with a predetermined type from a wind turbine in each sector
as a virtual representative part, based on wind conditions in each sector; and constructing a virtual representative turbine
for each sector in different operation modes, based on the virtual representative part in each sector under different wind
conditions. In the embodiment of the present disclosure, the computer-readable storage medium may store one or more
programs. When the computer program 103 is executed by the processor 102, the following operations of the method for
controlling the wind farm described in FIG. 7 can be achieved: determining a sector representative turbine in each sector
based on wind resource information for the wind farm; identifying an operation mode for each sector where the sector
representative turbine locates, based on an operating-condition parameter of each sector representative turbine;
obtaining an operating parameter for a virtual representative turbine in an identified operation mode in each sector,
where the virtual representative turbine is determined based on the method for determining the representative wind turbine
in the wind farm according to the embodiment of the present disclosure; regulating a control parameter for the wind turbine
in each sector, based on the operating parameter; and controlling the wind turbine in each sector based on a regulated
control parameter.

[0100] The controller shownin FIG. 12 is only an example and should not restrict the function and the usage scope of the
embodiments of the present disclosure.

[0101] The method and apparatus for determining representative wind turbines in the wind farm and the method and
apparatus for controlling the wind farm according to embodiments of the present disclosure are described above with
reference to FIG. 1to FIG. 12. However, it should be understood that: the apparatuses shown in FIG. 8 to FIG. 10 and their
respective units may be configured to perform specific functions using software, hardware, firmware, or any combination of
the above, and the controller shown in FIG. 12 is notlimited to include the parts shown above, but some parts can be added
or deleted as required, and the above parts can also be combined.

[0102] Atleastone of the following technical effects is achieved with the method and the apparatus for determining the
representative wind turbine in the wind farm, the method and the apparatus for controlling the wind farm, the system for
controlling the wind farm, the computer-readable storage medium and the controller provided in the embodiments of the
present disclosure. A database of virtual representative turbine models is established by constructing a virtual repre-
sentative turbine through selecting a predetermined part type in the wind farm, in response to operating characteristics of
the wind farm (for example, wind resource information for the wind farm and operating parameters of the wind turbine).
Operating conditions of the wind farm under different wind conditions are identified accurately and rapidly in real-time
control process, based on the sector representative turbine and the virtual representative turbine. A real-time cluster
control of the wind farm is improved (for example, within a second level) and safe operation for each wind turbine in the wind
farmis guaranteed, due to a synchronous change of the virtual representative turbine with a change of an operation feature
of the wind farm.

[0103] Thecontrollogics orfunctionsimplemented by various parts or controllers in the control system may be illustrated
by a flowchart or similar diagram in one or more of the figures. These figures provide representative control strategies
and/or logics that may be implemented using one or more processing strategies (e.g., event-driving, interrupt-driving,
multi-tasking, multi-threading). Accordingly, various steps or functions shown may be performed in the order shown, or
performed in parallel, or omitted in some cases. Although not always explicitly shown, those skilled in the art will recognize
that one or more of the steps or functions shown may be repeatedly performed depending on the particular processing
strategy used.

[0104] Although the present disclosure has been represented and described with reference to preferred embodiments,
it should be understood by those skilled in the art that, various modifications and variations may be made to these
embodiments without departing from the spirit and scope of the present disclosure defined by the claims.
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Claims

1.

A method for determining a representative wind turbine in a wind farm, comprising:

determining a sector representative turbine for each sector based on wind resource information in the wind farm;
based on an operating-condition parameter of the sector representative turbine for each sector, identifying a wind
condition in each sector;

selecting turbine parts with respective predetermined types from wind turbines in each sector as virtual
representative parts based on the wind condition in each sector; and

constructing a virtual representative turbine for each sector under each operation mode based on the virtual
representative parts for each sector under each wind condition.

The method according to claim 1, wherein the selecting turbine parts with respective predetermined types from wind
turbines in each sector as virtual representative parts based on the wind condition in each sector comprises:

determining an operation mode of each sector based on the wind condition in each sector;

performingload assessmenton each wind turbine in each sector based on the operation mode of each sector; and
selecting the turbine parts with the respective predetermined types from the wind turbines in each sector as the
virtual representative parts based on load assessment results of each sector.

The method according to claim 2, wherein the performing load assessment on each wind turbine in each sector based
on the operation mode of each sector comprises:

for the wind turbines in each sector, acquiring each type of load components of turbine parts with a same
predetermined type in the sector under each operation mode; and

for each type of load components of the turbine parts with the same predetermined type, ranking the turbine parts
with the same predetermined type according to load component values of this type of load components.

The method according to claim 3, wherein the selecting turbine parts with respective predetermined types from wind
turbines in each sector as virtual representative parts based on the wind condition in each sector comprises:

for each type of load components of the turbine parts with the same predetermined type, determining a turbine part
with a maximum load component as a virtual representative part for each sector based on ranking results of the sector.

The method according to claim 3, wherein the selecting turbine parts with respective predetermined types from wind
turbines in each sector as virtual representative parts based on the wind condition in each sector, further comprises:

dividing each sector into a predetermined number of sub-sectors based on wind resource data in each sector; and
the for each type of load components of the turbine parts with the same predetermined type, ranking the turbine
parts with the same predetermined type according to load component values of this type of load components
comprises: for each type of load components, ranking turbine parts with the same predetermined type in each
sub-sector based on the load component values of this type of load components.

The method according to claim 5, wherein the selecting turbine parts with respective predetermined types from wind
turbines in each sector as virtual representative parts based on the wind condition in each sector comprises:

for each type of load components of the turbine parts with the same predetermined type in each sub-sector and
based on ranking results of this sub-sector, determining a turbine part with a maximum load component as a
virtual representative part for this sub-sector; and

the constructing a virtual representative turbine for each sector under each operation mode based on the virtual
representative parts for each sector under each wind condition comprises: constructing a virtual representative
turbine for each sub-sector under each operation mode based on virtual representative parts for this sub-sector
under each wind condition.

The method according to claim 1, further comprising:
determining and storing a virtual mapping relationship for each sector under each operation mode based on the virtual

representative parts for each sector under each wind condition.

The method according to claim 7, wherein the virtual mapping relationship for each sector under each operation mode
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comprises a mapping relationship between each virtual representative turbine and at least one of the following: the
sector, a wind turbine where each of virtual representative parts of the virtual representative turbine is located, the
operation mode, a predetermined type corresponding to each of the virtual representative parts of the virtual
representative turbine, and a type of load components corresponding to each of the virtual representative parts of
the virtual representative turbine.

The method according to claim 1, wherein sectors in the wind farm are reorganized sectors obtained by reorganizing
all initial sectors in the wind farm; and

the determining a sector representative turbine for each sector based on wind resource information in the wind farm
comprises:

determining a sector representative turbine for each initial sector based on a direction of an incoming wind in the
wind farm;

reorganizing all the initial sectors to obtain the reorganized sectors based on the sector representative turbine and
a damage potential index for each initial sector, wherein the damage potential index is determined based on a
wind speed, a probability density for the wind speed, and a turbulence intensity for the wind speed; and
determining a sector representative turbine for each reorganized sector based formation information of the
reorganized sector.

The method according to claim 9, wherein the reorganizing all the initial sectors to obtain the reorganized sectors
based on the sector representative turbine and a damage potential index for each initial sector comprises:

merging two adjacentinitial sectors to obtain a reorganized sector, if a damage potential index difference between
the two adjacent initial sectors is minimum and less than a preset index difference; and

merging two adjacent sectors comprising a reorganized sector and an initial sector to obtain a reorganized sector,
if a damage potential index difference between the two adjacent sectors comprising the reorganized sector and
the initial sector is minimum and less than the preset index difference.

The method according to claim 10, wherein the determining a sector representative turbine for each reorganized
sector based formation information of the reorganized sector comprises:

determining, in response to a first reorganized sector being formed by merging two adjacent initial sectors, a
sector representative turbine for an initial sector with a larger damage potential index in the two adjacent initial
sectors as a sector representative turbine for the first reorganized sector; and/or

determining, in response to a second reorganized sector being formed by merging two adjacent sectors
comprising a reorganized sector and an initial sector, a sector representative turbine for this initial sector as a
sector representative turbine for the second reorganized sector.

The method according to claim 9, wherein the determining a sector representative turbine for each initial sector based
on a direction of an incoming wind in the wind farm comprises:

converting a geographical coordinate system into a wind direction coordinate system, based on the direction of
the incoming wind in the wind farm; and

determining the sector representative turbine for each initial sector based on the wind direction coordinate
system.

The method according to claim 12, wherein the determining the sector representative turbine for each initial sector
based on the wind direction coordinate system comprises:

determining the sector representative turbine for each initial sector based on a y-axis projection value in the wind
direction coordinate system, wherein a positive direction for the y-axis is an opposite direction of the incoming wind.

The method according to any one of claims 1 to 13, wherein the wind condition comprises atleast one of the following:
a wind condition for a normal power generation operation, a wind conditions for an extreme power generation
operation, a wind condition for a normal shut-down operation, and a wind condition for an extreme shut-down
operation; and

the operation mode comprises at least one of the following: a normal power generation operating-condition, an
extreme power generation operating-condition, a normal shut-down operating-condition, and an extreme shut-down
operating-condition.
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15. A method for controlling a wind farm, comprising:

determining a sector representative turbine for each sector based on wind resource information in the wind farm;
identifying, based on an operating-condition parameter of the sector representative turbine for each sector, an
operation mode for the sector;

acquiring an operating parameter of a virtual representative turbine for each sector under an identified operation
mode for the sector, wherein the virtual representative turbine is determined based on the method according to
any one of claims 1 to 14;

regulating control parameters for wind turbines in each sector based on the operating parameter of the virtual
representative turbine for the sector; and

controlling the wind turbines in each sector based on regulated control parameters.

16. The method according to claim 15, wherein the operating parameter comprises: a load parameter of a virtual
representative part in a virtual representative turbine.

17. An apparatus for determining a representative wind turbine in a wind farm, comprising:

a sector representative turbine determination module, configured to determine a sector representative turbine for
each sector based on wind resource information in the wind farm;

a wind condition identification module, configured to identify, based on an operating-condition parameter of the
sector representative turbine for each sector, a wind condition in each sector;

a virtual representative part selection module, configured to select turbine parts with respective predetermined
types from wind turbines in each sector as virtual representative parts based on the wind condition in each sector;
and

a virtual representative turbine construction module, configured to construct a virtual representative turbine for
each sector under each operation mode based on the virtual representative parts for each sector under each wind
condition.

18. An apparatus for controlling a wind farm, comprising:

a sector representative turbine determination module, configured to determine a sector representative turbine for
each sector based on wind resource information in the wind farm;

an operation mode identification module, configured to identify, based on an operating-condition parameter of the
sector representative turbine for each sector, an operation mode for the sector;

a parameter acquisition module, configured to acquire an operating parameter of a virtual representative turbine
for each sector under an identified operation mode for the sector, wherein the virtual representative turbine is
determined based on the method according to any one of claims 1 to 12; and

a control module, configured to regulate control parameters for wind turbines in each sector based on the
operating parameter of the virtual representative turbine for the sector; and control the wind turbines in each
sector based on regulated control parameters.

19. A system for controlling a wind farm, comprising:

afarm-level controller, comprising the apparatus for controlling a wind farm according to claim 18, and configured
to send control instructions to each wind turbine; and

a stand-alone controller, arranged in each wind turbine, and configured to control an operation of the wind turbine,
based on the control instructions received from the farm-level controller.

20. A computer-readable storage medium storing a computer program, wherein the computer program, when executed
by the processor, implements the method for determining arepresentative wind turbine in awind farm according toany
one of claims 1 to 14, or implements the method for controlling a wind farm according to any one of claims 15 to 16.

21. A controller, comprising:
a processor; and
a memory storing a computer program, wherein the computer program, when executed by the processor,

implements the method for determining a representative wind turbine in a wind farm according to any one of
claims 1 to 14, or implements the method for controlling a wind farm according to any one of claims 15 to 16.
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